Abstract. For estuarine-dependent species, especially those that spawn offshore and whose larvae must reach estuarine nursery areas, advective transport through tidal inlets may be a major factor influencing recruitment variability. We examined the role of tidal forcing on particle transport through a narrow, microtidal inlet along the Texas coast by using a threedimensional hydrodynamic and particle transport model. Although tidal forcing is relatively small in the study area, tidal currents through the inlet effectively transport passive particles a distance of about 15 km landward of the inlet. The majority of the particles that enter the inlet are transported to regions that are not suitable for larval settlement. There is limited tidal dispersion of the particles into the bays due to shoreline geometry and bathymetry. Most of the particles that enter the inlet are expelled offshore in the ebb tidal jet resulting in estuarine-shelf exchange of particles. When acting alone, tidal forcing is not effective at retaining particles in a suitable estuarine habitat, suggesting that other physical or biological mechanisms are required to maintain larvae in an estuarine habitat or that there is substantial along-shelf transport of larvae.
indicated that particle transport pathways depend on particle .release locations [Luettich et al., 1998 [Luettich et al., , 1999 . Tidal currents are effective at transporting larvae into this inlet; however, only a limited number of wind directions enhance larval ingress through the inlet. Model simulations suggest that a fraction of the larvae may be retained in a residual eddy over the ebb tidal delta outside Beaufort Inlet. Smith Inlet geometry, bathymetry, and details of particle release (time and place) cause substantial variation in particle transport [Kapolnai et al., 1996; Wheless and Valle-Levinson, 1996; Luettich et al., 1998 ]. Because of the importance of inlet geometry and variability, models need to be developed that include realistic bathymetry and shoreline configuration in order to obtain accurate representations of particle transport and dispersion at small scales for a given inlet system [Geyer and Signell, 1992; Kapolnai et al., 1996] .
We are applying a numerical model to investigate the transport of larvae through Aransas Pass to estuarine nursery areas. Aransas Pass (Figure 1 ) is an important inlet along the Texas coast because it serves as the primary Gulf of Mexico connection for numerous Texas bays and provides access to these bays for many commercial and recreational fisheries. This is the first part of a study investigating the dominant physical and biological processes that influence the recruitment of red drum (Sciaenops ocellatas) to estuarine nursery areas in the region. Red drum spawn in the evenings from late August to early October in the vicinity of tidal inlets [Holt et al., 1985] . When the larvae are 2-3 weeks old, they can settle in estuarine nursery grounds, primarily sea grass habitats [Holt et al., 1983 ; Rooker and Holt, i997; Rooker et al., 1999] . The larvae depend upon currents to transport them through Aransas Pass and to a suitable estuarine habitat.
Although this study focuses on the transport of red drum larvae, the results may be applied to other species with similar life histories.
The objectives of this paper are to characterize the tides within the study area, assess the performance of the model at simulating the tides in a microtidal region, and investigate the role of tidal forcing on larval transport through the Aransas Pass inlet. We examine the transport of larvae over short timescales (<6 tidal cycles), including examination of the source region for particles that enter the bays, maximum tidal excursions, tidal dispersion of particles, and particle retention within the bays. The channels that connect the bays to the coastal ocean filter the tidal motions, preferentially attenuating the semidiurnal constituents [Smith, 1974] . Although the tides in the study area are relatively small, they regularly produce peak current velocities at Aransas Pass of about 1.5 m s -• [Williams et al., 1991] . There is minimal vertical salinity stratification (<0.5 ppt m -l) in the bays due to limited freshwater inflows, shallow depths, and strong local wind forcing. However, a north-south salinity gradient exists, with lowest salinities in the Aransas-Copano Bay region [Ward, 1997] .
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Methodology
The present study has three components: (1) analysis of tidal data to determine the amplitude and phase of tidal constituents in the surrounding bays, (2) application of a coastal circulation model to describe regional flow and testing the model results against observations, and (3) simulation of particle transport between the coastal ocean and the bays.
Data Analysis
Principal tidal constituents were computed by analyzing water level data for 14 stations within the study area ( [Michaud et al., 1994] . Water level data were recorded at 6-min intervals (except for ARB and ARP which were at 60-min intervals) to National Ocean Service (NOS) standards by using the Next Generation Water Level Measurement Systems. We computed amplitudes and phase lags of the sea surface elevation tidal constituents by using a tidal analysis code [Foreman, 1977] . The data were 3-and 40-hour band-pass filtered and resampled hourly. Data gaps in the record of less than 6 hours were filled by linear interpolation; gaps longer than 6 hours were not filled. For years between 1993 and 1998 that contained less than 5% missing data, the tidal analysis was performed on 1-year-long time series (except ARP and ARB, which only had 6-month time series available). Mean and standard deviation of the amplitude and phase lag of the dominant tidal constituents were computed for each station. (Figures 1 and 2) . The shoreline configuration of the study area is complex, including numerous islands and intersecting channels. The study area was represented with a variable resolution linear triangle, finite-element mesh, which included 14,300 nodes and 26,291 elements. Nodal spacing varied from about 7 km in the shelf region to about 50 m within the inlet (Figure 2 . We estimated the tidal forcing during this interval by using the mean amplitude and phase lag for the dominant tidal constituents computed for BOB from 1994 to 1998 (see Table 3 ). Tidal ellipses were computed by using the tidal analysis code of Foreman [ 1978] .
Particle Transport
To examine the role of tidal forcing on larval transport, we introduced particles into the model and tracked them throughout the model domain by using a fourth-order RungeKutta scheme [Blanton, 1995] . Passive particles were Table 3 ). The RMS differences of modeled and observed amplitude and phase lag are about 1 cm and 15 ø, respectively. 35% of the particles released inside the inlet are expelled offshore after the first tidal cycle compared with 90% for particles released outside the inlet. About 10% of the particles released inside the inlet remain landward of Transect A after 5 tidal cycles, compared with only 5% for particles released outside the inlet.
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Discussion
Model and analysis results are consistent with the previous published studies of physical processes in the region [e.g., Smith, 1974 Smith, , 1979 . This study benefits from the increased spatial and temporal coverage of water level data available [1991] and model results) are about 2-3 times greater than previously published values [Smith, 1979] . This discrepancy is due to location of the current measurements used for the analyses. Current observations for the previous study [Smith, 1979] In our simulations, the minimal expansion of the ebb tidal jet is consistent with the low aspect ratio of the inlet. Our simulations indicate that two symmetric, counterrotating eddies form during ebb flow on either side of the jet, a result that is similar to the circulation patterns for idealized inlets [Imasato, 1983; Chao, 1990 Barotropic tidal forcing is effective at transporting larvae a distance of 10-15 km into the bays; however, when acting alone, tidal forcing is not effective at maintaining passive larvae within the bays and regions with suitable nursery habitat. The majority of particles entering the bays during flood tide are exported offshore during the subsequent ebb tide by the tidal jet, suggesting that if they do stay, other physical or biological mechanisms are required to maintain them within the bays, such as mixing (e.g., local wind forcing or subgrid scale motions) or behavior. Once ejected offshore, larvae may be transported away from the inlet by alongshore currents, including wave-generated longshore currents and larger-scale, along-shelf flow. The Texas shelf is dominated by downcoast flow throughout the year except during the
